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In contrast to other malignancies, in a proportion of patients with neuroendocrine liver metastasis (NELM) disabling clinical symptoms can develop secondary to the production of specific biogenic amines and polypeptide hormones. Therefore, treatment of patients with NELM is focused on optimizing quality of life through reduction of such hormone-related symptoms, and improving survival in patients with disease amenable to liver-directed therapy, including hepatic resection, thermal ablation, and intra-arterial therapy (IAT). [2] [3] [4] [5] [6] [7] [8] To date, hepatic resection remains the only potentially curative option for patients with NELM, with 5-year survival after hepatectomy ranging from 60% to 80% in recent series. [6] [7] [8] [9] [10] [11] Until recent reports of the use of somatostatin analogues in neuroendocrine tumors of mid-gut origin, and sunitinib and everolimus in patients with advanced pancreatic NETs (PNETs), there has been little success in the use of systemic therapy to treat patients with advanced NELM, with historic responses ranging from 15% to 20%. [12] [13] [14] [15] As these systemic agents are not curative, there is still considerable interest in the use of liver-directed therapy to increase patient survival and address hormonally related symptoms. In addition to surgery, IAT has emerged as an alternative liver-directed approach to treat patients with NELM. We review the management of patients with NELM with an emphasis on clarifying the relative roles of surgery, IAT, as well as emerging systemic therapeutic agents. To accomplish this, we performed an extensive literature search in PubMed using medical subject headings (ie, neuroendocrine, carcinoid, liver metastasis, hepatic metastases, hepatectomy, liver resection, transplantation, intra-arterial therapy, radiation therapy, chemotherapy) to identify relevant articles for inclusion.
Patient evaluation Classification of neuroendocrine tumors
Neuroendocrine tumors encompass a diverse set of rare neoplasms arising most commonly throughout the gastrointestinal tract and bronchopulmonary tree. Pancreatic NETs originate in the endocrine tissues of the pancreas, and carcinoid tumors arise in neuroendocrine cells in the bronchopulmonary tree, small intestine, appendix, rectum, and thymus. These tumors can vary in degree of differentiation and hormonal secretion. Within the gastrointestinal tract, NETs most commonly arise in the small bowel (42%), rectum (27%), appendix (5%), and stomach (9%). 1 The potential for metastatic disease is dependent on location and cell of origin. An analysis of Surveillance, Epidemiology, and End Results data in the 1990s suggested that NETs of pancreatic origin have the greatest potential for distant metastasis, and the lowest incidence was observed for bronchopulmonary and rectum sites. 1 In 2000, under the auspices of the WHO, an NET classification system was proposed that had 3 distinct categories: well-differentiated tumors with benign or uncertain behavior, well-differentiated carcinoma with malignant characteristics, and poorly differentiated carcinoma. [16] [17] [18] Since 2000, this classification system has been updated, with the most recent changes made in 2010. The 2010 WHO classification takes into account the anatomic location of origin, specific amine or hormonal production, mitotic activity, and the proliferative index as defined by Ki-67 (Table 1) . 19 Components of this version of the WHO system classification were partially incorporated into the 7 th edition of the American Joint Committee on Cancer staging manual, as well as into the recent National Comprehensive Cancer Network practice guidelines. 20, 21 However, it is important to note that the 7 th edition of the American Joint Committee on Cancer classification system has applied the TNM staging system of pancreatic adenocarcinoma to PNETs without considering mitotic count, Ki-67 staining, or hormonal production, which are essential components of the WHO 2010 classification schema.
Presentation
Patients with NELM are diverse in their clinical presentation. Overall, approximately two thirds of patients report symptoms that are attributable to their primary or hepatic metastasis. 8 Depending on the hormonal functional status of the cancer, the patient might exhibit some of the hallmark syndromes associated with varied primary NET histologies (eg, carcinoid syndrome from carcinoid primaries, hypoglycemic episodes from insulinomas, necrolytic migratory erythema from glucagonomas, etc). In the largest study to date, of 753 patients with NELM undergoing surgical management (resection AE ablation) or IAT, Mayo and colleagues reported that between 25% and 50% of patients presented with hormonally related symptoms. 8 The degree of symptoms is often directly related to the extent of hepatic disease burden and ultimately can lead to both a decreased quality of life and worse long-term survival. 1, [3] [4] [5] [6] Aside from hormonal symptoms, patients with synchronous primary and hepatic disease can present with symptoms from the primary tumor, with abdominal cramping often being the initial symptom. 7 Among patients with NELM, it is estimated that close to 50% of patients will present with synchronous liver metastasis, and in the other half of patients, metachronous liver disease will develop during the course of their life. 2, 7 Regardless of presentation, patients often seek and benefit from hepatic cytoreduction for relief of their hormonal or other symptoms. 22 Sarmiento and colleagues reported that hepatic cytoreduction of 90% reduced endocrine-related symptoms in 90% of patients. 6 Cytoreduction, in addition to alleviating symptoms, might also be associated with improved long-term survival, although the data are retrospective and need to be interpreted with caution. 6, 22, 23 In addition, the degree of hepatic cytoreduction necessary to achieve symptomatic relief is not based on any prospective, randomized data, largely due to the rarity of patients with NELM eligible for surgical management.
Liver-directed therapy Surgery: resection and ablation Resection of the both the primary NET and the hepatic disease remains the mainstay of treatment for patients with NELM. Patients with untreated hepatic metastasis have a 5-year survival rate in the range of 20% to 40%. 2, 3, 24 The relatively long 5-year survival rate among patients with unresected NET disease underscores the comparatively indolent biology of NELM compared with other malignancies. Surgical treatment of NELM does appear to confer a survival benefit. Frilling and colleagues described the following patterns of NELM distribution: isolated single lesion of any size (type I); a large focus of metastatic bulk with smaller surrounding lesions, always with involvement of both hemilivers (type II); and, widely disseminated metastatic spread with involvement of both hemilivers and essentially no normal liver parenchyma appreciable on preoperative imaging (type III). 10 Only patients in the type I category and select type II patients are typically eligible for hepatic resection. In general, about 15% to 50% of patients with NELM might be a candidate for some type of surgical procedure. 6, 25 Sarmiento and colleagues from the Mayo clinic were one of the first groups to report their large experience with hepatic resection and cytoreductive therapy for patients with NELM. 6 More than half of the 170 patients in their study underwent a major hepatic resection. Symptom control was achieved in 96% of patients who had presented with symptoms; however, 5-year symptom recurrence was 59%. Overall, 84% of patients had evidence of disease recurrence at 5 years, with a survival of 61% and 35% at 5 and 10 years, respectively. Based on these data, the authors advocate an "aggressive" surgical approach when all disease could be extirpated; the authors also noted that debulking of disease should be considered when 80% of the intrahepatic disease could be feasibly removed, especially among symptomatic patients who might potentially benefit from a reduction of intrahepatic tumor burden. As noted here, however, the association of cytoreduction with improvements in long-term survival remains controversial. More recently, in a separate study, Mayo and colleagues reported on 339 patients who underwent surgical management of NELM at 1 of 8 major hepatobiliary centers. 7 In this study, most patients had a pancreatic (40%) or small bowel (25%) NET primary, and carcinoid was the most common NET histological subtype (53%). Median survival after surgery was 125 months with, overall 5-and 10-year survival rates of 74%, and 51%, respectively (Fig. 1) . Of note, Glazer and colleagues reported very similar overall outcomes (5-and 10-year survival rates of 77% and 50%, respectively) based on data derived from a smaller cohort of patients treated at the University of Texas MD Anderson Cancer Center. 26 In the Mayo et al study, patients with hormonally functional NETs who had an R0/R1 resection were noted to benefit the most from surgery, and factors such as synchronous disease (hazard ratio ¼ 1.9), nonfunctional NET hormonal status (hazard ratio ¼ 2.0), and extrahepatic disease (EHD) (hazard ratio ¼ 3.0) were predictive of worse survival (all p < 0.05). Extrahepatic sites of disease most commonly included the lung and peritoneum. Although EHD has been shown to have a worse prognosis in several series, patients with limited, stable EHD can be considered for surgery, especially if the patient is symptomatic and cytoreduction would provide palliation of symptoms due to hormonal excess.
Although patients with symptomatic disease are often offered hepatic cytoreduction to help palliate their symptoms, the role of surgery for asymptomatic, hormonally/ biochemically nonfunctional neuroendocrine liver metastases is more controversial. Although Sarmiento and others have reported that 80% to 90% debulking of disease in the setting of nonfunctional NELM was associated with improved survival, these data are retrospective and need to be interpreted with caution. 6, 22, 23 As such, care of patients with asymptomatic disease in the setting of hormonally/biochemically nonfunctional tumors needs to be highly individualized. Although surgery in the setting of low-volume asymptomatic disease should be considered, surgery has a much more limited role for patients with high-volume disease who are probably best served by other therapeutic modalities, such as intra-arterial or systemic therapy.
The majority of patients with NELM will present with bilateral disease. 7 As such, hepatic resection of NELM will frequently involve nonanatomic resections, with most patients undergoing multiple wedge resections to debulk multifocal, bilateral disease. 7, 26 Although many centers report an R0 resection of >90% for patients with resected colorectal metastasis, achieving an R0 resection for NELM appears to be significantly lower. [27] [28] [29] In the series by Mayo and colleagues, only 53.7% of patients operated on with NELM had an R0 margin and almost one third had an R2 resection. 7 The difference in pathologic margin status between patients with colorectal liver metastasis vs NELM is probably multifactorial. In light of data that debulking or cytoreduction of NELM can be instrumental in palliating patients with symptomatic disease and might be associated with a survival benefit when >80% to 90% of the disease is debulked, surgeons might be more willing to operate on NELM patients who have more extensive disease with a palliative or debulking intent. 6, 23 Because NELM is frequently multifocal and bilateral, resection is often combined with ablation to treat the entire intrahepatic tumor burden. In fact, ablation is used in up to one fifth of patients undergoing surgery for NELM as the indication. 7 Ablation can be performed percutaneously, laparoscopically, or during laparotomy. Thermal ablation usually involves the use of either radiofrequency ablation (RFA) or microwave ablation energy devices. Presently, RFA is the most commonly used thermal ablative modality in the United States; as microwave ablation use continues to grow, it is currently used more in some Eastern centers. 30 Assessing data on ablation vs resection can be problematic, and data on ablation of NELM is relatively scarce. 31 In the Mayo and colleagues study, the authors did not find an increased risk of recurrence for patients who had an ablation vs hepatic resection alone. 7 In a separate study, Mazzaglia and colleagues reported on 63 patients with NELM who underwent laparoscopic RFA. 32 The 30-day perioperative morbidity was 5% and there were no deaths. Overall, at a median follow-up of 11 months, >90% of patients reported at least partial symptom relief and 70% of patients noted "complete" or "significant" symptomatic relief. 32 Local recurrence after ablation of NELM probably is related to tumor size and number, as noted for other tumor types, such as colorectal liver metastasis and hepatocellular carcinoma. [33] [34] [35] In Mazzaglia and colleagues' study, the authors reported a 6.3% local recurrence with an associated median 3.9-year survival after the first RFA session. 32 Unfortunately, surveillance imaging demonstrated progressive liver disease in 80% of patients. 32 In reviewing the records of 16 patients who had >15 hepatic metastases treated with combined hepatectomy plus RFA, Elias and colleagues reported an overall survival of 84% at 3 years, with 50% recurrence/disease progression. 36 The 5 patients reporting preoperative symptoms continued to be symptom-free at the time of last follow-up. Therefore, although ablation can be a helpful adjunct therapy to treat NELM with relatively low local recurrence, intrahepatic recurrence remains a problem.
Although liver-directed surgery for NELM is associated with prolonged survival, recurrent disease will develop in the majority of patients. In fact, recurrence is near universal, with reports of >90% of patients recurring by 5 years, most often intrahepatically. 7 The role of repeat hepatectomy and ablation for recurrent disease remains controversial. 7 In the study by Mayo and colleagues, 46 patients underwent repeat operation for recurrent NELM. 7 At the time of the repeat operation, ablation was noted be used increasingly as both a stand-alone therapy and in combination with resection. Among patients undergoing a repeat surgery, median survival and 5-year survival rate were 83 months and 61%, respectively. In a separate study by Glazer and colleagues, 26 80 of an initial 159 patients underwent a repeat operation for a hepatic recurrence. In this series, the authors reported a 5-year survival of >60% (Table 2) . Collectively, although these data suggest that a subset of patients might benefit from a second operation, the selection of such patients remains ill-defined and should be based on multiple factors, including surgeon experience, patient symptoms, degree of functional hepatic reserve, and a thorough assessment of perioperative risk. Data from Elias and colleagues suggest a possible reason for the high incidence of intrahepatic recurrence. 37 Specifically, Elias and colleagues demonstrated that modern preoperative cross-sectional imaging (eg, MRI, CT) can dramatically underestimate the true extent of NELM tumor burden within the liver by as much as 50%. 37 In this study, the authors compared preoperative radiological findings with detailed pathological review of the surgical specimen to correlate the relative assessment of tumor burden. The authors noted that the amount of disease was underestimated by up to 50%, with many additional metastases <2 mm identified in the pathological specimen that were "missed" on preoperative imaging. These data suggest that when assessing many patients, surgeons might be underestimating the true burden of intrahepatic disease. In turn, complete extirpation of all visible disease might, in effect, just be a more thorough debulking of the liver rather than a true R0 resection. Given the high incidence of recurrence after surgery, some investigators have questioned the role of surgical management for NELM. These clinicians have suggested that IAT might be better suited as the primary therapy for NELM.
38,39
Intra-arterial therapy The intuitive appeal for IAT stems from the fact that NELM, unlike most hepatic metastasis, derive the majority of their blood supply from the hepatic artery and arterially enhance. 40 IAT has been shown to be effective in retarding tumor progression as well as palliating symptoms related to NELM. [40] [41] [42] [43] Intra-arterial therapy can consist of transarterial chemoembolization (TACE), bland transarterial embolization, and chemoembolization with drug-eluting beads. Recently, there has been interest in combining TACE with drug-eluting beads. However, transarterial chemoembolization with drug-eluting beads has been associated with an increased risk of bilomas when used to treat NELM, especially among those patients with small, disseminated lesions. 44 In turn, both Yttrium-90 (Y-90) resin-based (Sirspheres) and glass-based (Theraspheres) radioembolization have been used with increasing frequency to treat NELM. 45, 46 Most studies evaluating Y-90 radioembolization in NELM have been retrospective in design. Additionally, reports on the use of Y-90 for NELM often include other metastatic tumor types, making determinations of its efficacy for NELM difficult. One study by Kennedy and colleagues reviewed data from patients treated with Y-90 microsphere therapy for NELM at 10 institutions. 47 The study included a total of 148 patients treated with 185 separate procedures. Median activity delivered was 1.14 gigabecquerel, with a median of 99% of the planned activity delivered. Fatigue (6.5%) was the most common side effect. Disease response was stable in 22.7%, partial in 60.5%, complete in 2.7%, and progressive in 4.9%. Median survival for all patients was 70 months, with no radiation-induced liver disease reported. In a separate study, Rhee and colleagues reported a multicenter openlabel phase II study that examined the efficacy and safety of Y-90 radioembolization of patients with NELM. 48 In this study, all patients underwent lobar radioembolization using glass or resin Y-90 radioembolic agents. A total of 42 patients treated with glass or resin microspheres were included. A significantly greater median radiation dose was delivered to each lobe using glass (right lobe 117 Gy; left lobe 108 Gy) than using resin (right 50.8 Gy; left 44.5 Gy) (p ¼ 0.01). In assessing tumor response using the Response Evaluation Criteria in Solid Tumors criteria, 92% of glass and 94% of resin patients had a partial response or stable disease response at 6 months of follow-up. Six patients experienced grade 3/4 toxicities during the follow-up period. Median survival was similar with both modalities: 22 months (glass) vs 28 months (resin) (p ¼ 0.82). A study by Bester and colleagues compared Y-90 (resin) vs supportive care in a cohort of 40 patients with metastatic NELM. 49 The authors reported improved control of symptoms and improved survival with Y-90 treatment. Collectively, these studies suggest that radioembolization for NELM can improve both patient symptoms and overall survival with limited acute and chronic toxicity. Although not currently approved for use in the United States, the efficacy of peptide receptor radionuclide therapeutic agents, such as 90 Y-DOTATOC and 177 Lu-DOTATOC has recently been reported with favorable progression-free survival (PFS) and a low incidence of adverse side effects in patients with unresectable disease. 50 Taken together, these data suggest that IAT, Y-90 radioembolization, and peptide receptor radionuclide therapeutic can play a role in the management of patients with NELM, especially patients with recurrent disease and those not fit for operative management. [40] [41] [42] [43] Identification of patients best managed with IAT vs surgery remains controversial. Mayo and colleagues reported on a large (n ¼ 753) group of patients with NELM who were managed with either IAT or surgery. 8, 51 As expected, in this report, patients treated with IAT vs surgery had different clinicopathologic characteristics, making comparison of the 2 cohorts difficult. 52 Specifically, patients managed with IAT had a higher burden of hepatic disease, were more likely to have extrahepatic disease, and more often had NET from an unknown primary, which are all factors associated with decreased survival. 7, 8 Using propensity score methods, the authors identified a subgroup of 118 patients (IAT, n ¼ 52 and surgery, n ¼ 66) who were matched based on having similar preoperative clinicopathological characteristics. In this cohort, the median overall survival was 38.9 months for IAT patients compared with 84.0 months for patients treated surgically ( Fig. 2A) . Additional analysis of this cohort revealed that patients with high-volume (>25% liver involvement) symptomatic disease appeared to benefit the most from surgical management of their disease (median survival: surgery, 87 months vs IAT, 51 months; p < 0.001) and patients with >25% liver tumor burden and asymptomatic disease did not derive a comparative benefit from surgery vs IAT (median survival: surgery, 16.7 months vs IAT, 18.5 months; p ¼ 0.78) (Fig. 2B) . The authors concluded that surgical management of NELM should be reserved for patients with a low systemic burden of disease and lowvolume hepatic disease or for those patients with symptomatic high-volume disease. In contrast, patients with a high burden of intrahepatic disease, especially those with asymptomatic disease, are probably best served with locoregional IAT rather than surgical debulking.
External beam radiation therapy
External beam radiation therapy historically has been limited by the low tolerance of the whole liver to radiation (eg, maximum dose 30 Gy). Improvements in radiation therapy techniques, such as intensity modulated radiation therapy and stereotactic body radiation therapy, now allow high doses of radiation therapy to be delivered to partial liver volumes. 53 Hypofractionated high doses of radiation therapy (10 Gy in 5 fractions or 13 Gy in 3 fractions) have resulted in excellent local control/response (70% to 90%) in patients with primary hepatocellular carcinoma and metastasis from other sites. [54] [55] [56] However, data evaluating intensity-modulated radiation therapy and stereotactic body radiation therapy in patients with NELM are currently limited. External beam radiation has been used more commonly for the palliation of patients with extrahepatic NELM. Contessa and colleagues reported on 36 patients with 49 treated sites, of which 23 patients had radiographic follow-up. 57 The overall response to radiotherapy was 39% (13% complete response, 26% partial response, 56% stable disease and 4% progressive disease). Patients who received !49.6 Gy had less local progression compared with the cohort of patients who received 32 Gy. External beam radiation achieved palliation in 90% of patients, with either improvement or resolution of symptoms after radiotherapy. 57 Liver transplantation Orthotopic liver transplantation (OLT) for patients with NELM who have unresectable disease remains controversial and is performed at only a few centers, usually on a study protocol. Advocates for OLT note the relatively indolent nature of NETs, the propensity for liver only metastasis, and the high risk of intrahepatic recurrence after resection. To date, the largest series examining the role of OLT for patients with NELM included 85 patients. In this multicenter French study by Le Treut and colleagues, the authors reported an in-hospital posttransplantation mortality rate of 14% and an overall 5-year survival rate of 47%. 58 Factors associated with a particularly poor prognosis after OLT included hepatomegaly and a primary NET arising from the duodenum or pancreas. Given the controversy and difficulty in selecting patients for OLT, Mazzaferro and colleagues have developed criteria analogous to the Milan criteria for hepatocellular carcinoma. 59, 60 The proposed inclusion criteria include confirmed carcinoid histology of a lowgrade NET; primary NET must be resected and primary tumor must be in anatomic distribution that is drained by portal system (eg, rectal and lung NET excluded from consideration); 50% hepatic involvement by tumor metastasis; stable disease for at least 6 months during the pretransplantation period; and age 55 years or younger (Table 3) . It remains to be seen whether OLT will assume a larger role in the managements of patients with NELM in the future, or whether systemic recurrences will doom this therapy to poor long-term outcomes. As of 2012, the National Comprehensive Cancer Network practice guidelines consider transplantation for NELM to be "investigational and not part of routine care at this time." 21 Chemotherapy for neuroendocrine liver metastasis Cytotoxic systemic therapy Neuroendocrine tumors, as a whole, have traditionally exhibited a very poor response to conventional, cytotoxic chemotherapy. The exception has been poorly differentiated NETs with a high proliferative index (Ki-67 >20%), usually reflecting an aggressive tumor biology akin to that seen with small cell carcinoma. In such cases, even if the extent of NELM appears limited, cytotoxic chemotherapy should be considered the primary mode of treatment. Surgical therapy is usually not warranted for poorly differentiated NET with high Ki-67 because the potential for subclinical metastasis and an aggressive natural history is considerable. As such, locally directed therapies are unlikely to impact the overall course of the disease. Therefore, systemic chemotherapydusually with a platinum-based regimendis used. Although chemotherapy can induce a dramatic initial response, unfortunately such responses are not durable, progression is common, and the prognosis is grave.
For patients with low-to intermediate-grade NELM, the likelihood of response to cytotoxic chemotherapeutic agents is low. Streptozocin, an alkylating agent, was approved for the treatment of advanced NET 3 decades ago, but multiple studies have revealed response rates of only 10% to 20%, even when combined with other cytotoxic agents, and minimal survival benefit. 61 Given its unfavorable toxicity profile, use of streptozocin has been limited in recent years. Numerous other agents have been considered for low-to intermediate-grade NELM, including doxorubicin, cisplatin, dacarbazine, and fluoropyrimidines, but none have gained traction. 62 Temozolomide is an orally bioavailable alkylating agent, with a less intense side effect profile than streptozocin and, after a series of early phase clinical trials in the early part of this century, is now considered the backbone of systemic chemotherapy options for patients with advanced cases of NET. 63 Temozolomide has been assessed in combination with numerous other agents, but responses remain disappointingly low. Most professional guidelines suggest that cytotoxic chemotherapy should only be contemplated in these patients after other therapeutic avenues have been exhausted and, ideally, in the context of a clinical trial, especially with the advent of the targeted therapies. 64 Specifically, in the PROMID trial, 85 treatment-naïve patients with midgut carcinoid tumors without evidence of carcinoid syndrome were enrolled and randomly assigned to either placebo or monthly intramuscular octreotide LAR (Sandostatin LAR, a depot form of a somatostatin analogue). The investigators reported that the time to progression in the octreotide LAR group was 14.3 months vs 6 months in the placebo group (p ¼ 0.000072) (Fig. 3A) . After 6 months of treatment, there was stable disease in 66.7% of patients in the octreotide LAR group vs only 37.2% in the placebo group. These data provide sound evidence for the use of octreotide LAR therapy in patients with inoperable metastatic carcinoid tumors, even among those patients without symptomatic disease. The use of agents with greater target specificity than LAR has recently been reported for patients with disease refractory to LAR. One such agent, pasireotide (SOM230), is a multi-targeted somatostatin receptor analogue. Pasireotide has a high binding affinity to 4 of the 5 known somatostatin receptor subtypes, with a 39-fold greater affinity for sstr5 and a 30-fold and 5-fold greater affinity sstr1 and sstr3, respectively, than LAR. 65 The use of pasireotide is currently under investigation in a phase II, openlabel, multicenter study in patients with symptomatic carcinoid syndrome refractory to LAR. 66 Several other targeted agents have shown promise in the treatment of metastatic PNETs. Preclinical data suggest that inhibition of the mammalian target of rapamycin has a significant antiproliferative effect in poorly differentiated pancreatic neuroendocrine cell lines, which in turn has led to the clinical development of several mammalian target of rapamycin inhibitors. 67 The phase 3 RAD001 in Advanced Neuroendocrine Tumors (RADIANT-3) trial enrolled 410 patients with advanced PNETs who had evidence of radiographic progression within the previous 12 months. 14 Patients were randomly assigned either to treatment with the mammalian target of rapamycin inhibitor everolimus (RAD001) or to placebo, with a primary end point of PFS. Patients in the everolimus group had a median PFS of 11.0 months compared with 4.6 months in the placebo group (p < 0.001) (Fig. 3B) .
14 These data led to the approval of everolimus as a first-line treatment option for patients with advanced inoperable progressive PNET.
A number of other receptor tyrosine kinases, including vascular endothelial growth factor receptor and plateletderived growth factor receptor, are known to be important in the proliferation of these tumors. As such, small molecule inhibitors of these kinases have undergone clinical assessment for the treatment of metastatic PNETs. In 2011, the FDA approved the multi-receptor tyrosine kinase inhibitor sunitinib (Sutent) after a phase III trial in patients with advanced, well-differentiated PNETs who had evidence of disease progression within the previous 12 months. In this randomized, double-blind, placebo-controlled trial, 171 patients were randomly assigned either to treatment with sunitinib or to placebo with PFS as the primary end point. 12 At the first planned interim analysis, the median PFS was 11.4 months in the sunitinib group compared with 5.5 months in the placebo group (p < 0.001). The study was stopped and sunitinib is now approved for the treatment of patients with advanced PNETs.
Treatment with targeted agents in the adjuvant or perioperative setting seems to be the next logical step in eligible patients. Building on the success of sunitinib and everolimus, future therapeutic targets in NET include the complex angiogenic pathways and epidermal growth factor receptoredirected signaling, similar to many other tumor types. 68 Agents exhibiting some promise in early-phase trials include imatinib, bevacizumab, and thalidomide, although much additional study is required. [69] [70] [71] It will be intriguing to see if these or similar agents can be combined with the more traditional cytotoxic agents that have fallen out of favor in recent years to enhance responses in this disease. There is also interest in the systemic administration of receptor targeted therapydradiolabeled somatostatin analogues allow delivery of Y-90 to cells expressing somatostatin receptors. 72 
CONCLUSIONS
Patients with NELM can achieve long-term survival with >50% survival rate at 10 years in patients whose disease is amenable to liver-directed therapies such as hepatic resection. Although intrahepatic disease progression/recurrence is near universal, appropriate liver-directed therapy can offer both durable symptom control and long-term survival in selected patients. Currently, hepatic resection should be the first line of therapy offered to patients with a good performance status who have localized disease and hormonally functional hepatic metastasis. Asymptomatic patients with a large hepatic disease burden (>25%) likely benefit the most from IAT. Those patients who have NELM diffusely throughout the hepatic parenchyma will not likely achieve any durable symptomatic or survival benefit from liver-directed therapies and might be more appropriate candidates for targeted chemotherapeutic agents, such as somatostatin inhibitors, sunitinib, and everolimus or rapamycin. Management of patients with NELM necessitates a multidisciplinary approach to tailor the treatment to both the unique aspects of the patient's disease and their long-term goals. Future developments in predicting disease progression and refining targeted therapies exploiting the unique biology of NELM in combination with liver-directed therapies will ultimately lead to the greatest improvements in both patient survival and quality of life.
